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[f»*« 1 ] 

3c : M2 0 OVUM (1) H»iRS*L*fllF«£E^**lBlft (2 2) fc, 

#ffifttwB-JEE 1 200VOIGB T«^-<7) 2 ooSJIIftiRtt Sil^JilOtS 

^^^^attco^tsm*ffi^-r^#^^ >^--^m^ (42) t 
[» « 2 ] 

mmM 3 1 

mm&nj >^~?m^bm.m&mi®zti2>&ffi4 0 ovm*-? (M2) t 

(M2) ^tB^i-^mi>t«tHI]i& (2 2, 3 2, 4 2) Zmflr 2> U T> 

^^^^^ffi^otria^msiL^mti-t-^^i^ y^-*iaB& (42) srntx., 

M£f>ffB#ffl^ ^A-^@lS©^tIf t LTlg^^^x y "7° (S2 1) fc, 
BTi^^, HufB^mM^*o^r^5g1-^^T- v -f (S 2 5) t 

mim. 5 ] 

itulB^ x >7 "7° (b) fc*5V»T\ ttrlB-f Vrt—9<r>X>4 -y ^-y VM^M. (fsw) ^iftv^i 
fc\ HuiB^mM^^tt^^-^^^JI* (Esw(on)) ^v^Hic^v^-CmrlSI GB 

[W « 6 ] 

fff!E^7"y 7° (b) ti, 
(b-1) miBI GBTtf-lcov^S^SWSiI* (Psw) t ^/2 tcoff ^mflB 
^ Wt-^cox^ y^y^m^Mi (fsw) -el^Lfctt^^-^^^Ji^ (Esw(on) = Esw 
/2) LTf^^i-^^T" -7 7^ 

(b-2) ttriB^2 oiE^f l, tfria^m»ft'fit^i3v^TH>riB^x-y -7° (b-i) -e 
is^ $ tt^ ttr ia ?-y* >m&: tmz^L^t-y* >m& z^-kz mm igbt *t £ 

mm^f y^-9(Dx^ y^y^m^m. (fsw) ^7kHz£JiT(:ts$w> 1**3(5 
ia* <d mmm& m&mt-x &<> 
mmM 8 ] 

ifjfBFJf^^*^i«JE« 2 0 0 ve& , ttrta^ 1 <Dms.it 6 0 0 v-e&&, ffltjjts 4 

73jMI»« 7 OV^i"tL^-o^fB«ommft^ll^ft7a-<£o 

[»3ts 9 ] 

mmmmmsm^ (22, 32, 42) si, tirfa/^5eo^ffiaj±o^mjE£f&sj± 
^«^LrmiB#-ffi-f (42) izmj3-$-&feu&*ifcmmm& (22) & 



ffi£E# 2005-3006287 



mm 2003-418283 



1/ 



mm mmms m&mt-xmx. vmm&mm&ft mz&mmmmto 

[0 0 0 1 ] 
[0 0 0 2 ] 

HI 1 0 tt|5£*0*ilE«#&S#«:^-r*ia«HaT**o fffi2 0 0 V*iBoXaE*iB 1 
frP>9&btiL2 0 0 VcD^Sffi^enin^tL^^-f K/'J y y*2 1 (2^«»iL£troT 
, ¥vf 1K3 1 ^^Lt^ 4 1 CS'IlEVdc^^i^o ^ 4 1 i±. # 

ffittHi&JE 600VOIGBT (Insulated Gate Bipolar Transistor) SST-O 2 ooig 

[0 0 0 3 ] 
[0 0 0 4] 

—-ft, I GBT*^0|8Mffl1(|jiogfc#*»iB:'ftOffi3*fc LT^?tLTV>* 0 Ell 1 tt* 

*^*I*X0 , 3V^^ • ^5 y *WO*8tfD«JEVce(sat) -€-WtL^9 7 L 3 
, L4, L 5^It^f 0 laL^-Vt^li^^tS^Ht'IMLT^Ltv^ 

[0 0 0 5] 

& is, £ co i ? l-ifr^3&*ffijt L fc I G B T *?-C0#tt(±M £ {dr##fiT^Cii£ 1 7!;S 3 ^ 

^ ce _ ^ otijf p^#t to v^r#ft=s:it 1 -So i w > 9 m t a wt- * fc £ ■=& 

v a - Mb"* & JMt o XftWrJCNl 2 & o 
[0 0 0 6] 

[##i^»i] r«ff« 1 PMik&ffi t^<Dmmm] > ^y-xi/^fn-^ 

^#36^*1 3 0$P1I^7^f^ 13 81 (1 9 9 8) 

[^tlrif 2] g^tc#, MfO rU^'J-XlGBT^ya-^ft 

#f^ffJ , -S±B#fRvol.75,NolO,p555 ( 2 0 0 2 ) 

[#Nf ff ifcilfc 3 ] Junji Yamada, et al., "Low Turn-off Switching Energy 1200V I 
GBT Module" [online] „ IEEE, 1 5^1018 B*fc3fc] , ^>^-*yh<DE 

L:http://www. ineltron. de/english/Low#turn#offtl : 5th#genIGBT.pdf> 

[^#iftt4] rHi^V-^ya-iVMO SflWB^SI^J *M 6I> [online 
] , =mmm, [¥Il 5#1 0^8Bti] , >f y?-*y h<URL:http://www.se 
micon. melco. co. jp/semicon/html/pdf/ka0350a3. pdf> 

r#tr-» 1 ] mmm 60-249895 

mWXm2] #H 2003-143871 

mmcomm 

mmmm L£d tir& mm\ 

[0 0 0 7] 

L^U m?z%mX<VI GBTi^flt:fott4^<, #1 GBTf^CiJlt^ 
[0 0 0 8] 

#S&9!ttJ&»tf**I?3fc£*£*. I GBTi^^tt^^ >'t-**-£t>W«#itelil&-CO 
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* s * a £ * s l r v> * 0 

[0 0 0 9] 

mm& (22) fc, &mm~M)±i 2 0 0 1 GBTS?©2 0(7)i:^ii^f l, ^ 
w^®iio«^^^»^^^m»fL*m*i-^^ffi-f (42) fc«T# 

X. & o 

[0 0 10] 

If L < t±, fTIBfif«JEE#«[JfeijlEEI»fcfriB#ffl'f 9 b i±**Js. -;Wh£ *t 

[0 0 1 1 ] 

- ^ 0J»*» ?) S*LS#ffi 4 0 0 Vffl^e-^ (M2) tifitSo 
[0 0 12] 

#ffio^mm^F^^^mtJ^#ffi^# (M2) ^ffijtji-<6*ii£ftji&ia» (22, 3 

2, 4 2) SrKW"fS^ffi-C**o fHB*8R«j|&iaj»»4^ #*B&fc I GBT*^©2o© 

(4 2) £«x& 0 
[0 0 13] 

LtsiM^i 1 o®t*rcf±, ( a ) m%z&ttMffi<DW%&fefemti zmmm$Mum 
&o) 2 fecDWt&mx^Lxnbti&w.mmziftmg'ffl't y^-9mm<Dm&m : mub lx 
wfe-t zxry? (S2 1) (b) mm3tmmi± * &$Lmm vxnbtiz %mnE.# 
ffris#ffi^ y^-?m$&Kxui-&m&^Mmi GBTt^cit^wi 1 <dm]±<d2 
m^m 2 (DWf&z^-tzmmi get^t-*, mm^mmm'&^^xM^^^^y 

7° (S 2 5) *H£^o 
[0 0 14] 

®HHfi^^fe-e*o*c, tui2^xy7° (b) Ki3v>-c % ffrfa-f >s*—?<D7>4 y^>jrm 

WLWc (fsw) ftr|B^m»fL«^j3^-2>^->'^>a^ (Esw(on)) j&*ftV>fS 

[0 0 15] 

ia»«tw-*fe-c*o-c, Buia^x^y (b) 3&* (b-i) triai gbti^cov^s* 

£tt£»jfl£: (Psw) tt/2 tO^^HuK-f >/*-9<DX4 y (fsw) t? 

P^L^H^^->^>?1^ (Esw(on) = Esw/2) fcLt«gti^f^fc, (b-2 
) MiaH 2 <Z>#ffi£^rU Huia^«M^*5V>Tftffa^xy 7° (b-1) XWfcZtifz 

mm9 - y * tm&$n<*9->* ym&z^z- same i g b T3&^*g5£i-& * 

[0 0 16] 

@J^l^ft^-&-e* o T, HfrlB^ 9<D7 4 9mmk ( f sw) 7 k H z JSJITfc 

[0 0 1 7] 

if Kit mi7smm4 <DMm~frfr&mmfeffimmnn-%mK&^x, ttria^co 
mtmmmt 2 0 0 vx& «? , Mian 1 <*>h-jew: 6oovt*^ 0 
i^o^] 

[0 0 18] 

fca»j&»&*ifrft|&IIIIfr<B J: 3 C 1 2 0 0VOI GBTi^^ifflt^ i fc £ «t , Ji3;£ 
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[0 0 19] 
[0 0 2 0] 

GBT^«-5-OlffiE^2^t ^oT%, 3 V** • y ^i^|olE{i2^HliI 
LfcVxBT, I GBTff#* 1 <DMJ±.*%LX\<*&m&£t\:®tLT, |2«fE^L 
tv^^li, tfjfl^ (2Esw(on) • fsw/w) ^CCJboTiiil* (IcpVce(sat 

)/4) ^j&ii^i" -2> <£ •? &~ I GBT^lttSit^-e^o 

[0 0 2 1 ] 

£c (2Esw(on) • fsw/O tftj|t4£k#t?i4. 
[0 0 2 2] 

I GB T* : f-t±-€-<Z)W-£E*«2f&fc 3 Ix^ ^ . ^ y ^ IBJOl&jftimJBEti 2 f&fc 

BT|B 5 $ 1 cO»JE^*L-CV^^^jt^LT. *2<0#£E*^rLTV»SJSi#tt, ft 
»3c (2Esw(on) • fsw/*) o T iffl* ( I cp Vce(sat) / 4 ) 

[0 0 2 3] 

a^IGBT*?C*v»T, $ 1 Of E*ttS I G B Tf Wr 7 ^ (a) 
5fe$*L/iJg»*ilE'ffi[0 2|gfHiJtt-6^->*>il*J: «3 ^ H 2 <DMJ±*^ir& I GBT 
ttf-iPATV? (a) *C»:5feSttfe5g#«a£ffi^*»t*^->'*>il*t±0. 4mJ/^ 
;v^M±^:§ < «£^&v^ J:oTio^^^^^m^«IlIB&i£ft^feo^4 0« 
CitLtdT, HI 1 <D»JE=lr^r1-^, I GBTt»fflt4*#iJk«L"C, $ 2 0»JE 
I GBTOTf^i^, ttS^WiJJ^J: «3 £ lNf^iM^^±i I GB 

mm *$m-t * ©tiwfi] 

[0 0 2 4] 
[0 0 2 5] 

(A 1 ) I GBTJPf^oa*. 

pswtofp-c^o-c^: (i) osi^^o {au i^a^pssti&a^pswttt, ^ (2 

) , (3) X-TFZtl&o 
[0 0 2 6] 
[11] 

PQ=PSS+PSW ••• ( 1 ) 

[0 0 2 7] 
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It2] 



PSS= I cp • Vce(sat) 



1 

2 



I 



■ 2 1+sin ( x + fi ) • D j 
s i n x • " — dx 



= I cp • V ce(sat) 



— H — ^- cos 0 
8 3 a? 



( 2 ) 



[ 0 0 2 8 ] 
[13] 



r— 1 s i n x 

*l/0 



P SW= ( E sw(on) + E sw(off) ) • f sw • | sin x dx 



= ( Esw(on)+ Esw(off) ) • f sw • — •••(3) 

7t 



[0 0 2 9] 

GBTi^ l s-visxmfc*) <D7 ~y^y 7 4 y ^f-y ^JI^Esw(on)^ 
xmtz *)<7)7-y*774 yf-^fi^fcEswCoffK I GBTi^^^f y ^>^J1'M 

^mzmnL tz-m±i& Icp, I GBTl^nv^ . y*«|<Z>|frftn»EVce(sat) 

[0 0 3 0] 

MK. I GBT*^fcj&fc#fln3*L4 7 y -*-f-;v^ K«>»lfBfcPD$>#Jti" 

Sfc, I GBTfg^^oa^PAtisS: (4) -C*§ilJ 0 fil7'J-*>f-W*- 
KO»a*PDtt5S: (5) ^£*i> HWf^i Icp**aEtLfc»-6>Oj|H*EE*TVEC* 

[0 0 3 1 ] 
[14] 



PA=PQ+PD=PSS+PSW+PD ••• ( 4 ) 

[0 0 3 2] 
[15] 

PD= I cp • Vec -(4---^- cos 6> ) — ( 5 ) 

\ o o % I 



[0 0 3 3] 

^^>^I^Esw(on) t 7-y*774 y * > ^Ji*Esw(of f) t l±H 
gflTC*!K GBTI^aV^^ • ^5 y * WtfXStfDWE Vce(sat) 7 V - * 

S; (4) iig£ (6) ©i^:itii:^l^o 

[00'34] 
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me] 

P A= (^r) • Esw(on) • f sw+ ("4") ' I cp • Vce(sat) ••• ( 6 ) 

[0 0 3 5] 

*K*ffl#T?tt, 5£&T. 5* (6) <DftlE.mi&RV t m2m**iV-?tlI GBT 
[0 0 3 6 ] 

(A 2 ) H#<75te*&iI# tIGB T^WWEE. 
[ 0 0 3 7] 

££T», 5ft (6) <D?&M%l^m-£tl& I GBTOfi/Ji^M^-Cii, ftfOgM 
JEK-e£f?Lfcv>o — ?j> RI*2S*CSEStL* I GBTO»lR^tov>f f±, Af^^l 

[0 0 3 8] 

x.i^ 5£*&SJE2 0 0 V (SI&m^2kW) O^-^ £fflv*&±§^f±, >f 

0V (SI&«*2kW) O^e-^Srfflv^^Hfi. ^>A-^(;^$^IGBTi 
^f-tt, -5"<7)»J±^ 1 2 0 0 V©^> <W»ffl $ tiZ £ i: fcfc * 0 
[0 0 3 9] 

(A3) im&o&m. 

I GBT»T<^#OfI£PA&E£#£tL&^<hK:&£o 
[0 0 4 0] 

*o«^^"C««$tLtn^ ^#o?i^PA^>efc#$tL^ 0 z<D&m$ctWimtkt<D 

[0 0 4 1 ] 

HI 1 tt»ffi**6 0 0 V, 1 2 0 0 V-C^^fl^O I GBTf^^-^t^Eswfe 

^©^77L3, L4, L 5 it^rfl^fim 1 1 K^StLfc^? fc*fa&LTV»* 0 {BL£ 
itiillf I cp©i#«-i 1) iitf ^it2 0A (HP*> I cp= 2 8 . 2 (A) ) <D 

[0 0 4 2] 

H 5 fi^*L-m|l3-iibft> $ 5 M t S Ef ? © ^' 7 7 
»JE*»1 2 0 0 V©4ot*4 o £0^9-7-eti, ft#^MtL^m^^ffi»BE*?-co^ 
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t'^StU, «HS10A (fiP*)Icp=14. 1 (A) ) ©*ifc*ifcLfc»£-0*-:/ 

t*$^MO^^-oS/; I? <D9 — >* VJl^Esw(on) ^^LTV^o 
[0 0 4 3 ] 

*=1lt'ft'T?*»JE* : =Ffcfi»JEE* : f'fc*Jfe« , t* ffl!xtf^->*>ll*Esw(on)* 
1. 1 2 (mj/pulse) tc^L^^^iis WJE^ti^Pmffi Vce(sat)/& s 2 . 3 (V 
) OfcO^tiii^lio — ^»J±*^-{i^nmffiVce(sat)^2. 9 (V 
) ©fc^S-X^tSii^i, C<7)#Mii{fi:ii-J±^(7)^(7)(7) 2 (= 1200/60 
0) fifCli3ILTv^v>o J:oT«6a**^L< Loo4f«**i!fc#t4 i 9 

[0 0 4 4] 

0. 5 6 (mj/pulse) KK£ Lfc*£-K«\ WEfST-figfrftlliffi Vce(sat)# ? 1 . 3 5 ( 
V) Oi©U¥t4it#tl4o-*, ^»EE* : ?{±lfefn*SVce(sat)^2. 4 ( 
V) W^tAft-5iiA*T?l, ^<7?#tt'(t{i©»JE^^-(7)^OC0 2'f§^{iatL-CV^ 

[0 0 4 5] 

-5 ^Mft^JttKLfc^Kti, I G B TH^O < fcfci: ij 

M^ftf f ^#S?t&tffiAt^§tl^/h$ < t^t^, IGBTI^ Z> 

v*TttSRI GBTI^OTL/;^ * OJft^^«-T & 1 £ # &o iotl 

£: {± *> *> 5 A,, 3fi*«^ifi:ft^JSLT^illifc*o7t I GBTf^^v^y w*- * 

©a^ & i im& t%2>o 

[0 0 4 6] 

*#fill^{±, g£ (6 ) Ci^TfiiiraTOJ:^ i:LTk = 2 W^co^Wffi*^-* 
I^I4o ^ wc-^fc^-C I GBT^^tcov^TR^^tLSMia^Psvi: k/ 2b 
(DB, £^ y^y?m%i$ki sw^L/c{fi£^->^>*l*Esw(on) t Lt 

ttt^>o S^#Oj6#*^J**»©*JESl6*!rlt0 2fipO*JE'lt-el^LT, ^SWJE^-?- 

til OA) £^a6£ 0 *LX<{ ^^-^Oje»*ittC*v^"C^S[^-^*>iR*fcKtWJi 

[0 0 4 7] 

( a 4 ) »a^ogfc#c z zmmikmnoftm. 

& (6) ©^ilS*f)M$Wi^:> IGBTf ; folWI*li^'f7f>/l 
tfe&f swKJfcfll-t&o ioti L & flStffifH^ i LT-?-co|^n«JEVce(sat)^fg:»E« 
^{il^nHJE Vce(sat) <D 2 i£Sik±.<D i> <D % M/ii*t & %> t Lt^ I GBT 

[0 0 4 8] 

^-frW^iTOgJKO^^ y ^>^jS«Cf swT?*frU£ I GB T*^#:<7>ii£cPA£1g; 

7ti6ic, jaT-cji***-^© i gbti? mm&m^) Kn-rz, iGBTt? (not 

ffiX^O <£> * - y ■* >&9c<DiQfrbEsw&V t 1ffiaW£<oyifr£i Vce* s , I G B TS^^fc 
[0 0 4 9] 

5£ (6) HWKrai:m**ttj|&-tS»^<Offi:»£E* ; ? 1 , »#J±«^-cdS^PL, 

miiE#2 005-3006287 
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PHi±, ^*L^tL5£ (7) , (8) ^§iU 0 tiLW#.CD/ci6H^»J±*^-^fflvVc^ 

> ^ol/k= 1/2 com^£«1-& £coh 1-^o {SU «S*?-0^->^>M^ 
Esw(on)&£/££fnmff Vce(sat) £^fr^tiEL, VLt L/c 0 
[ 0 0 5 0] 
[17] 

PL=(^) • EL • f sw+ (-j)- I cp • VL - ( T ) 

[ 0 0 5 1 ] 
[#&8] 

PH= " < EL+A ESW) • f sw+ ( 4')(^2 fi ) * ( VLH-A Vce) •■• ( 8 ) 

[0 0 5 2 ] 

loTPH<PLfc^^i#l±S (9) -«£^&o 
[0 0 5 3 ] 
[«fc9] 

(J:) • A Esw f sw- (^r) • ( VL- A Vce) -I cp< 0 



f sw< [Y6J ' ( VL-A Vce) * 1 cp/A Esw - ( 9 ) 

[0 0 5 4] 

^WJ±*?-M^TcoM#t£fficD h]/- k^-7(±S: (i o) tii^^^o 0Hx.wrgs= 

•ffirftO^»J±*^^ov^T{±^: (10) OgfA, Bte-g-tL-FtUS^l 3 . 8, -2. 3 
^Eifrft^^ffitffi^^ov^Tti^; (10) cofei&A, Bfi^-tL-TtUSUS. 
6 2, - 2 . 4 9 tr^^.o 
[ 0 0 5 5] 

[ifc i o ] 

VL+AVce=A- (EL+AEsw)~ B -(10) 

[0 0 5 6 ] 

bt2 ~ia 5 tis* o) , do) izm^x, ^m&m^-^um^tzu^mt 

4&o71Il5Ji. v>-f tL^^S-ffi:^t^ov^X^LTV^ 0 {B LH 2 "CJ± ^ - > * >fl^EL 
;RtflS^WJEEVLj&***L-P*Ll . 3 0 (mj/pulse) $.(^2. 2 0 (V) X&&W-JE6 0 0 V 
CO I GBTf?-Q 1 4rS56L> HI 3 "Cii * - VJSifcELiRtft&ftWJE VLj&**-*l***l 1 
. 0 4 (mj/pulse) RZf 2 . 3 4 (V) "C* 4»ff 6 0 0 V CD I G B TjfT-Q 2 fc»5fe L 
fcS&^Srfll:^ Uv^o f7tB14-e{i^->^ E LJttH&jfflWJE VLj&** ti^fi 1 . 

0 0 (mj/pulse) XO'l. 1 (V) -C**»JEE 6 0 0 VcD I G B Tfif^-Q 3 *»5feU H 
5t!i^->t J'SifcEL&O'l&jftJWJEE VL^tl-Ptl 0 . 5 4 (mj/pulse) 1.40 
(V) X*^ii-J±6 0 0 V CO I GBTtfQ 4 ^lgL/;i^J/TLTV^ 0 
[0 0 5 7] 
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-fff> ^JSifeafc f swtfTOv* i\ a^m^t ^**t*^->* E sw(on) j&H6v»|6H 
£ v > T SS» BE* ^rt^Jg $ tt £ t i: ifm. tL^o "C£tili9->*> &&<DWft A E sw 
3&*^t?*tLtf (oiU ftltEEft^-o * - y * >#1^EL J: 6 OTEEil^o * - > * >Hk 
^Esw(on) tfVh$tf*Ltf) <fc*)M£Lv>o 
[ 0 0 5 8] 

{I LX-f y^-yymWLWii sw#*7 kHzJ^TOWi; llJClftKltei^i&EEfST-O^ - > 
[ 0 0 5 9] 

HI 1 «£ 3 fgH-ffirftO 1 2 0 0 VOI GBTI^Z 1 O ? - >- ^ >$R£;E 

sw(on)(i2. 1 0 m J *) , i^tHM©6 0 0 VO I GBTf^Q 1 
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